The Brazilian male beauty market occupies the second place in world consumption of cosmetics. Among the numerous products consumed by such audience is the capillary fixation mask, which is mainly composed by fixatives. These additives act on stabilizing the cosmetic emulsion, protecting the hair against moisture and also increasing the intensity of hair fixation. In this work, three formulations for modelling creams were prepared by different concentrations of the fixatives Styleze TM W20 and PVP K90 and their properties characterized by physicochemical, rheological and sensory analysis. The capillary masks produced were stable oil-in-water (O/W) emulsions with uniform droplets of 2.05-2.82 μm sizes and pseudoplastic thixotropic behavior (0.19 < n < 0.26). It was possible to correlate the increased concentration of PVP K90 to a greater thixotropy and an improved yarn fixation, despite the worsening in the spreadability of the formulations. These results suggest properly conducted rheological measurements can contribute to the prediction of the emulsion's sensory properties, which can save time and funds on the development of new cosmetics.
INTRODUCTION
According to Brazilian Cosmetic, Toiletry and Fragance Industry (Abihpec), the Brazilian male beauty market is expanding and currently occupies the second place at such cosmetics category consumption in the world (ABIHPEC, 2014) . The growth of the sector between the years 1996 to 2013 surpassed that of the other industrial segments. The increase in Brazil's gross domestic product (GDP) is proof of such growth: "9.8% per year of average growth in the sector against 3.0% per year of Total GDP and 2.2% per year of other industrial segments" (Garcillán, 2008; ABIHPEC, 2014) . Such audience consumes several cosmetic products, and one of them is the modelling and/or hair fixative cream (Almeida, Bahia, 2003; Correa, 2012 ).
Today's hair-styling formulations should meet the properties of humidity resistance and stiffness, combined with the sensory attributes of shine enhancement and good spreadability through hair (Lochhead, 2007) . Emulsions used in personal care application, both water-in-oil (W/O) and oil-in-water (O/W) types, need to present the right consistency (rheology) for use, long-term physical stability (2-3 years) under varying conditions of temperature and transportation and functional additives to ensure satisfactory performance (Oliveira et al., 2004; Estanqueiro et al., 2014) .
One of the main components of modelling creams are the modelling additives and/or fasteners, which are responsible for creating a layer that will act as a barrier to physically protect the hair against moisture and also allow the user to style it as desired. An example of an agent used to promote hair strands conditioning is the Polyquaternium-55 marketed as Styleze TM W20, which consists of an aqueous solution (20wt.%) of a quaternary ammonium salt. It is used as the cationic surfactant of the emulsion due to the presence of a polar group (Surh et al., 2007) . Another example is the N-vinyl-2-pyrrolidone (PVP) homopolymer, marketed as PVP K30 or PVP K90, whose differences consist on their average molecular weight (90.000 and 1.300.000 Daltons). The PVP is compatible with hydrophobic and hydrophilic polymers, and this includes hygroscopic amorphous white powder soluble in water and some organic solvents (Halal, 2011; Correa, 2012) .
The purpose of using humectant gels and emulsions for skin or hair care is to prevent the cosmetic system from losing water, thus avoiding the formation of a plasticized layer on the cream surface (Milan et al., 2007; Halal, 2011) . Therefore, the greater the humectant concentration used, the greater will be the moist effect provided to the hair. The rheological behavior of cosmetic products is one of the most important features not only from technical but also from the aesthetic point of view (Korać, Krajišnik, Milić, 2016) . The type and amount of humectant agent, as well as the lipid composition, emulsifier type and concentration, particle droplet size and preparation methods directly affect the rheological properties of such emulsions (Corrêa et al., 2005; Milan et al., 2007; Frange, Garcia, 2009; Arandas, Rigon, Costa, 2013) .
The addition of thixotropic agents to an emulsion favors the increase of viscosity and therefore prolongs its shelf life, avoiding the undesirable phenomena of sedimentation. The preparation becomes fluid when subjected to external pressure, being quickly spread on the target region and its viscosity is restored once pressure ceases, thus preventing an improperly draining away of the product (Aulton, 2005; Corrêa et al. 2005; Milan et al., 2007; Tadros, 2013) . The flow index indicates the rheological behavior of the fluid, usually pseudoplastic for cosmetic emulsions, whereas the system thixotropy is characterized by the existence of a hysteresis area when a particular external force is applied. The increasing pressure or stirring does not increase the flow velocity, but the viscosity changes as the shear rate increases (Schramm, 2006; Lee, Moturi, Lee, 2009; Tadros, 2013) . This means the rheological characteristics of the fluid assist the formulator in the development and production process to avoid and/ or prevent unwanted changes ensuring the stability and effectiveness of the cosmetic product (Schramm, 2006; Lee, Moturi, Lee, 2009; Gonçalves, Srebernich, Souza, 2011; Tadros, 2013; Damasceno et al., 2016) .
In the development of a cosmetic product, both rheological and sensory approaches are not mutually independent, but coupled. A close coupling between the rheological and sensory parameters can save time and money consuming sensory assessment by fast instrumental rheological analysis (Moravkova, Filip, 2014) . Sensory analysis is subjective and present several drawbacks. If close relations between the individual sensory parameters and experimental rheological parameters determined by the models are found, then it will be possible to substitute the sensory analysis by the rheological measurements (Moravkova, Filip, 2014) .
In this context, the aim of this work is to prepare modelling cream formulations by varying the concentration of the fixing agents to evaluate the interdependence between rheological properties and capillary fixation capacity of the emulsifiable systems, the size of the drops, the spreadability and the characteristics such as increased capillary oiliness and softness.
MATERIAL AND METHODS

Preparation of capillary fixating masks
Aiming to find the relationship between the rheological parameters the type and the concentration of the agents responsible for hair fixation, three emulsion formulations (A, B and C) were delineated varying the amount of the fixing agents PVP K90 (5.77 wt.%-A, 11.55 wt.%-B and 8.66 wt.%-C) and Styleze TM W20 (10.0 wt.%-A, 5.0 wt.%-B and 7.5 wt.%-C), according to the Table I .
The masks (100 g of each sample) were prepared according to the literature (Almeida, Bahia, 2003; Almeida, Teixeira, Koester, 2008) . The emulsions were prepared by heating the aqueous and oily phases separately at 70 °C. When the two phases were at the same temperature, the aqueous phase was slowly poured into the oily phase, and the system was kept under vigorous agitation (Ultra-Turrax ® T25) up to 80 °C. The phases were then mixed using an Electrolux mixer (Model IBE20) until cooling (Silva, Soares, 1996; Correa, 2012) . After cooling, the essence and the preservatives (Germall Plus TM Líquid) were added to the emulsion. The obtained formulations were stored at room temperature (Estanqueiro et al., 2014) . Figure 1 summarizes the methodology used in this study. Before analysis and characterization, the formulations were preliminarily centrifuged to evaluate their stability. Only the samples that did not present phase separation were considered for the study. Any instability pointed to by this test signaled the need for product reformulation.
Stability of samples
The first stage of developing a cosmetic product consists in observing whether or not there are any changes in the physicochemical properties of the base formula (Korać, Krajišnik, Milić, 2016) . The emulsions were submitted to an accelerated stability study by centrifugation after twenty-four hours of their manipulation. In conical tubes for centrifugal testing (Model PK131 ALC Multispeed Centrifuge) 2.0 g of each sample was added and subjected to a cycle of 3000 rpm for thirty minutes at room temperature. Only the samples that did not present phase separation followed the subsequent efficacy tests.
Determination of emulsion type
The Dye-Solubility Test allows the identification of the type of emulsion produced: water-in-oil (W/O) or oilin-water (O/W). This method consists in the dilution of 0.5 g of sample in 10 mL of a hydrophilic solution containing blue dye for cosmetic use. As a control, 0.5 g vaseline was also diluted in an equal volume of dye solution. If the blend shows an inhomogeneous and coagulated appearance, the result is a W/O type emulsion; whereas, if the mixture displays a uniform color, the result is an O/W emulsion (Alfred, Pilar, Chun, 1993; Khan et al., 2011) .
Emulsion droplet size determination
The O/W emulsion droplet size determination was optimized by optical microscopy. The samples (0.1 μL) were placed on glass microscope slides forming a thin layer. These were covered with coverslips and analyzed under transmitted light microscopy with 1000-fold magnification (Microscope Zeiss Scope A1) to observe the homogeneity of the emulsion and determine the size of the dispersed droplets. The size of the dispersed phase in the samples was measured using freeware software Image Tool version 1.28 (CMEIAS-IT 1.28). The average number diameter (D n ) and average weight diameter (D w ), the volumetric average diameter (D v ) and the polydispersity (D w /D n ) of the systems were determined according to literature (Bondan, Bianchi, 2015; Bondan et al., 2016) :
(1) (Corrêa et al., 2005; Brandão, 2009; Correa, 2012) 
Determination of pH
For pH determination, the samples were dispersed in distilled water (1:10 w/v), homogenized and subjected to reading at 23 °C in a pH-meter (Micronal -model B474), previously calibrated with standard solutions of pH 7.0 and 4.0. The results correspond to the average of three determinations with the respective standard deviations.
Rheological tests
Determination of rheological profiles of emulsions
Rheological analysis has also been used to predict the behavior of emulsions and provide information to improve stability and general performance. The experiments were performed on an Anton Paar Rheolab MCR 102 rheometer (Graz, Austria) using cone/plate geometry (diameter 50 mm, angle 1º). Continuous flow test for the three formulations was performed at 25 °C (capillary wire surface temperature). During the continual measurements, shear rate was increased in the range 10 -3 −1000 s -1 (upward curve) and decreased in range 1000−10 -3 s -1 (downward curve). Thus it was possible to determine the rheological profile of the samples, and its hysteresis, typically characteristic of thixotropic fluids.
Spreadability of formulations
Spreading is a determinant textural attribute that governs the performance of the product during its application (Estanqueiro et al., 2014; Montenegro et al., 2015) . The equipment used for spreadability evaluation consists of an acrylic circular mold plate (diameter = 20 cm; thickness = 0.2 cm) with the center hole of 12 mm in diameter fixed temporarily on a glass support plate (20 cm x 20 cm) positioned on a millimeter scale and a light source. After the sample is introduced through the orifice of the mold plate with leveling of the surface with a spatula, the mold plate was carefully removed, and a glass plate of known weight was placed on the sample (i). After one minute, the diameters readings were made in two opposite positions (for the mean diameter determination). The procedure was repeated with the placement of new plates at one-minute intervals after the area had been covered, and the weight of each added plate was recorded until constant values were obtained. The spreadability (E i ) was determined at 23 °C according to equation 4 (Zanin et al., 2001) . (4) where E i is the spreadability of the sample to the mass of the plate i [mm 2 ] and d is the mean diameter of spreading of the sample [mm] .
Sensory evaluation by visual comparison
The formulations were applied to previously cleaned and dried natural hair strands. Each of the hair locks had the mass measured on an analytical balance (GEHAKA BG 200; São Paulo, Brazil) before and after application of the creams. The washing of the hair locks occurred to reproduce the traditional washing of the hair during bathing: the strands of hair were wet with warm water (38 ºC) followed by application of neutral shampoo (Di Hellen) and rinsed. The excess water was removed with the aid of a cotton towel for subsequent natural drying of hair strands.
Each of the three formulations (at 0.10, 0.15 and 0.20 g weights) were applied to the cleaned hair strands. The permanence time of masks on the hair (12 hours) reproduces their use by consumers who implement the product in the morning and remove it at night. The amount of applied product was considered for the evaluation concerning the fixability softness and appearance of hair strands (gloss oiliness). The samples were also classified concerning the residuals left after removing the creams with a subsequent washing and another weighing of the hair strands.
RESULTS AND DISCUSSION
Cosmetics are required to be highly stable over a long period (Estanqueiro et al., 2014; Moravkova, Filip, 2014; Korać, Krajišnik, Milić, 2016) . The results of stability testing provide information about the emulsion quality as well as its shelf-life. The centrifugation test simulates an increase in the gravity force accelerating the movement of particles and anticipating possible physical-chemical instabilities of the formulation (phase separation, precipitation or coalescence). The absence of such changes after centrifugation means the emulsion is physically stable under normal gravity conditions (Tadros, 2013; ABIHPEC, 2014) . All formulations produced were approved in this experiment, meaning little physicalchemical changes in its systems (Surh et al., 2007; Tadros, 2013) .
The dye test indicated that the capillary masks formulated are emulsified oil-in-water systems (O/W) since all samples showed continuous and uniform coloration after dilution in an aqueous solution containing blue dye. The Vaseline-dye solution mixture showed heterogeneous appearance due to the non-solubilization of its hydrophobic molecules in the dye, as observed in Figure 2 (2a and 2b). Similar behavior was observed on formulations B and C. Obtaining an O/W emulsion is related to the use of surfactants with a hydrophilic portion much larger than the lipophilic portion (water-oil ratio).
The intensity and the time of agitation during emulsion's preparation are variables that directly influence on the size of the droplets. The interfacial tension is higher when the droplets are smaller (Surh et al., 2007) . As shown in Figure 3 the samples had dispersed oil droplets in the aqueous phase. All samples presented homogeneous globules, which favored the stability of the formulations.
The droplet size estimate was performed through the average diameter of a hundred drops, as shown in Table II . The droplet size uniformity of the three samples analyzed was confirmed by the polydispersity value close to 1. Sample A showed a smaller droplet size (~2.05 µm) in the dispersed phase when compared to samples B (~2.75 µm) and C (~2.82 µm). Several factors may influence the droplet size of an emulsion, like the agitation time and temperature during preparation (Correa, 2012) . The droplet size reduction is related to the interfacial tension reduction, which can be promoted by a higher amount of cationic surfactant in the formulation (Estanqueiro et al., 2014). According to the Taylor's law, the lower the interfacial tension, the lower the dispersed particle size (Taylor, 1934) .
The pH of the formulations must be compatible with the pH of hair, thus avoiding any damage to hair fibers. Changes in the product's pH during storage signal emulsion instability, which influences the active substances effectiveness. The pH is a determining factor in choosing the constituents of the formulation (Frange, Garcia, 2009; Leonardi, Spers, 2015) . The masks should facilitate hairstyle, providing shine and softness to the hair and not damaging it. Values of pH between 4.0 and 5.5 are recommended (Frange, Garcia, 2009; Leonardi, Spers, 2015) , and all the three formulations have met such requirement (4.62; 4.79 and 4.63 for samples A, B and C, respectively).
Changes in the rheological properties of emulsions show problems in the physical-chemical stability of the final product. The decrease in viscosity values indicates destabilization of the emulsion's structure since the apparent viscosity is related to the physical stability of the formulation (Aulton, 2005; Surh et al., 2007; Tadros, 2013) . Figure 4 shows the hysteresis loop curves for samples A (Figure 4a) , B ( Figure 4b ) and C (Figure 4c ) whose internal areas indicate the energy required to break the thixotropic structures of the materials analyzed. All emulsions showed a pseudoplastic thixotropic behavior. The thixotropic characteristic is considered desirable for topical preparations as it improves spreading of the product (Estanqueiro et al., 2014; Montenegro et al., 2015) . The molecules are oriented in the flow direction, resulting in stretching and destroying interactions between species (ionic. dipole and hydrogen), which stabilize its structure. Thus reduction of the fluid viscosity occurs. By removing the shear rate, the molecules gradually return to their original state by Brownian motion (Steffe, 1996; Surh et al., 2007; Tadros, 2013) . The faster the restructuring, the higher the material's thixotropy and the smaller its hysteresis area.
A relationship between emulsion thixotropic behavior and emulsion composition can be established by comparing the rheograms of O/W emulsions in Figure 4 . The sample B presented lower thixotropy loop area when compared to the other samples. According to (Aulton, 2005) , the emulsions containing PVP K90 show pseudoplastic behavior with the thixotropic response. Thus, the increased concentration of that polymer results in reduction of thixotropy behavior. The consistency index (k) determined from the application of the power-law model (η = kγ n-1 ) relates to the viscosity of the material at a particular shear rate. Thus, the higher the value of this index, the more consistent (viscous) is the fluid when compared with fluids with similar values of n. On the other hand, its lower value in the second measurement range is related to the intensity of the destruction of the emulsion structure caused by the shear (Lee, Moturi, Lee, 2009) . If the shear stress results in the irreversible destruction of the 3-D structures (with the rupture of the intermolecular forces), the droplets flatten, and the surfactants structure around breaks down, causing droplet flocculation, increase in size (Ostwald maturation) and coalescence (Lee Moturi, Lee, 2009; Tadros, 2013) .
For systems that do not recover instantly when the shear rate stops, there are two viscosity values (one for each shear rate). The first interval at the upward curve is related to the material viscosity. The second interval at the downward curve represents the viscosity of the ruptured system (Lee, Moturi, Lee, 2009; Tadros, 2013) . As observed in Figure 5 , the viscosity of the samples reduces as the shear rate increases in the first interval. Because of the thixotropic behavior of the samples, their viscosity values are lower in the second shear interval. Besides, the downward curve was always lower than the upward curve, which means that the system's internal structure recovered faster than it was damaged, reflecting its stability (Chhatbar et al., 2012; Dolz et al., 2000) .
The rheological constants (Table III) were obtained by adjusting the data to the Ostwald-de Waele Model (Steffe, 1996; Lee, Moturi, Lee, 2009; Tadros, 2013) . For fluids with n closer to 1, a Newtonian behavior is observed. Fluids with n values close to zero approach the pseudoplastic behavior. Formulations A, B and C showed a higher pseudoplastic behavior (shear thinning) in the first range due to the rupture of intermolecular interactions. Sample A showed the highest value of the consistency index (k). The greater reduction was noted at the second range of shear rates, and this sample demanded more energy to rupture its structure.
Such behavior can be justified by the higher concentration of Styleze™ W20 compound (10wt.%) in formulation A. Styleze™ W20 has a polar group and a long alkyl chain which provides greater stability in the sample due to strong intermolecular bonds (Wu, 1971 ).
Sample A also showed a smaller drop size than the other samples, which contributed to an interfacial area increase and, consequently to a higher consistency and a lower n value. Concerning sample B, a lower hysteresis area is observed, as the shear orientation of the particles occurs in the direction of flow. The intermolecular interactions occur amount and the rheological stability of the emulsion can be established, exactly as was evidenced earlier (Taylor, 1934; Wu, 1971) . Figure 6 shows the spreadability area of the formulations results. Usually, this test is performed to compare the spreadability of a new emulsion with that of a similar commercial formulation (Estanqueiro et al., 2014; Montenegro et al., 2015) . In this case, samples A, B and C were compared to each other to identify the influence of the fixating polymers in the formulations (Zanin et al., 2001) . Samples A and C showed similar spreadability areas while sample B presented the lowest value because of the thixotropic behavior of the formulation (Plocica, Tal-Figiel, Figiel, 2013; Montenegro et al., 2015) . For a higher thixotropic loop area it becomes harder to spread at the same volume, whereas for a lower thixotropy behavior greater spreadability is observed due to weak molecular interactions.
The amount of 0.15 g of each of the samples was considered ideal to provide the balance between gloss and oiliness residual appearance of plasticized film and fixation after 12 hours of application (0.10 g was insufficient to promote hair fixation, and 0.20 g provided intensification of the results). Only the softness of the hair strands showed no influence according to the amount applied (Table IV) .
Brightness is directly related to the oily aspect perceived on the touch, a characteristic to be avoided in a commercial product. After 12 hours of samples having been applied to hair, weighing confirmed the evaporation of the water contained in the formulations. There was a reduction of approximately 50% of the mass applied on the hair. However, the creams residues that remained on the strands had the appearance of a plasticized film. This seems to be related to the concentration of PVP K90 above 5wt.% associated with Styleze TM W20. After washing, the hair strands that received the creams were softer than those who did not receive the treatment. Softness and hydration are expected to be promoted by the moisturizing compounds present in the formulations and not by the amount of fixating substances used. This proves that the fixating agent concentration does not interfere with the moisturizing properties of these creams. Approximately 2wt.% of sample B has not been removed from the hair strands after washing and drying. Nonetheless, this residue was not observed visually or by touch. Therefore, the influence of increasing the concentration of the PVP K90 with improved hair fixation is inversely proportional to the ease of spreading of the formulations. This observation is in good agreement with rheological results, which means that rheology could be used for sensory properties in smaller quantities due to the lower concentration of surfactant. The PVP K90 does not have polar groups in its structure; thus the energy to break the structure is smaller. Despite being the least viscous fluid (lower k value), sample C showed similar hysteresis area than sample A. Thus, a direct relationship between the surfactant prediction and emulsions development acceleration in future. Thus, the sensory analysis could be performed at the end of development phase making it less expensive (Montenegro et al., 2015) .
CONCLUSION
The studied formulations presented pseudoplastic behaviors with thixotropic responses, quite common properties in cosmetic preparations. The estimated pseudoplasticity indexes were between 0.19-0.26. However, the consistency of the samples did not show variations depending on the concentration of Styleze TM W20 or PVP K90. Formulations A, B, and C exhibited average drop sizes of 2.05 µm, 2.75 µm, and 2.82 µm, respectively. All samples had uniform drops with polydispersity close to 1. The higher fixation strength of the capillary wires is related to increased concentrations of PVP K90 (sample B) presenting smaller thixotropy and area of spreadability. Properly conducted rheological measurements allow for an objective emulsion parameters check. For the modelling creams to be accepted by consumers, adjustments in the formulation must be made to reduce the oily appearance and the plastic aspect provided to hair strands. Understanding the relationship between the physicochemical and sensory properties of emulsions could contribute to predicting the performance of a cosmetic product and choosing the appropriate additives for a successful formulation. 
